The mechanical properties of the interface between reinforcement and matrix play an important role in the performance of a composite material due to the stress transfer from the matrix to the fibers. This work deals with the effect of seawater exposure at 60°C for 94 days on the mechanical properties and chemical characterization of a carbon fiber/epoxy composite compared with samples exposed to air.
INTRODUCTION
The principle of fiber reinforced composites is stress transfer from the matrix to the fiber across the interface II,21. It is well recognized that the fiber/matrix interface/interphase strongly affects the mechanical and physical properties of composites 13, 41 . So, the performance of composite materials is directly related to the mechanical properties of the interface between fiber and matrix. The better the Corresponding author. Tel: +55-12-5252800 (r. 306); e-mail: voorwald@feg.unesp.br.
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Fiber/Epoxy Composite interfacial adhesion, the better properties, such as interlaminar shear strength, delamination resistance, fatigue and corrosion resistance 15,61, are obtained. The use of composite materials is related to the mechanical behavior of these materials under conditions such as temperature, level of moisture and service load. Long-term exposure to high temperature and humidity is known to affect the mechanical properties of the composite by plasticizing the matrix 111. The response of composite materials is also affected by contact with liquids and vapors, either organic or aqueous. A reduction in the mechanical properties by water absorption has been attributed to degradation of the fiber/matrix interfacial bond, although some questions about the role of the interface in the water absorption process remain unanswered /8/. Moisture transport through a composite material is usually studied by using Fick's law Due to the high purity required in the epoxy resin production, the bisphenol compound was coupled by recrystallization from toluene or by crystallization as phenol-BPA /17/. The unidirectional composite plates were obtained through fiber lamination and the fibers received previous resin impregnation to form laminates, which were then cured by the vacuum bag system.
Method
From the unidirectional composite plates, samples for tension and compression tests were prepared in the longitudinal direction, according to ASTM D3039 and ASTM D3410, respectively. Two experimental conditions were used for the laminate specimens:
1. Specimens were not subjected to any moisture treatment prior to tension and compression tests;
2. Specimens were pre-conditioned by immersion in seawater at 60°C for 94 days prior to testing.
The seawater was prepared according to ASTM 1141 and the reagent water in agreement with ASTM 1193. The seawater pH was adjusted to 8.2 using 0.1N sodium hydroxide solution according to ASTM E200. The volumetric ratio was analyzed by thermogravimetric testing. The density and the voids, fiber and resin volume, were calculated according to ASTM D792 and ASTM D2734, respectively. Analysis of the precipitates was done using emission spectroscopy with inductive coupling plasma.
RESULTS
An observed increase in the weight of the samples is related to water absorption during exposure.
From the literature, water absorption has been shown to lead to a general reduction in the mechanical properties of composites attributed, to some extent, to degradation of the fiber-matrix interfacial bond.
Experimental results from tension tests are shown in Table 1 , indicating higher strength after water exposure compared with those from samples exposed to air.
Data analysis showed that for the tensile strength, elastic modulus and Poisson ratio, the standard deviations are small related to the mean values, which indicate low scattering in the experimental data.
The tensile samples exposed to seawater showed an increase in ductility, compared to those from exposed to air, by plasticization of the resin. The increase in the tensile strength after seawater exposure is related to a strong interface, associated with strong intermolecular bonds that occur with water absorption. The experimental data obtained also indicate an increase in the toughness of the composite material after seawater exposure. Tensile strength differences, between mean values, are less than 6%.
The increase in the tensile strength is followed by a decrease in the elastic modulus, which can be explained by plasticization of the resin as a result of seawater exposure. Poisson's ratio, related to the that is twice that observed in tension. In Table 2 , experimental results from compression tests indicate a difference of about 14% between the mean values of samples exposed to seawater and to air, twice that obtained in tension tests.
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A reduction in the compression strength is observed after seawater exposure in comparison to air, which is explained by the influence of the resin properties on the compression strength from unidirectional composites. Water absorption is responsible for softening and degradation of the resin, thus decreasing the strength.
The influence of seawater exposure on the mechanical properties of carbon fiber/epoxy resin has been statistically analyzed using the Weibull cumulative functions, Eq. (1):
The material constants α, β and σ 5 are influenced by variables such as: surface condition, sample
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Statistical analysis of the mechanical strength indicates that, in fact, moisture induces some effects that result in differences in mechanical properties between air and seawater.
To understand the observed variations in the mechanical properties of the composite material, related to seawater exposure in comparison to air, the procedure consisted in analysis of the following parameters associated with the resin: volumetric ratio, density and voids content. The volumetric ratio was obtained with a heat input of 10°C/min, initial/final temperature equal to 20°C/650°C and gas flux of 41 cm 3 in nitrogen environment. Table 3 shows a difference of 0.3% in the volumetric ratio of fiber and resin of the composite material exposed to seawater.
Table 3
Parameters obtained in the thermogravimetric analysis. Volumetric ratio of fiber (%) and volumetric ratio of resin (%).
MATERIAL volumetric ratio of fiber (%) volumetric ratio of resin (%)
exposed to air 75.672 24.408 exposed to seawater 75.985 24.058
The loss of resin, after exposure, is small but significant, because precipitations were detected and identified after exposure by emission spectroscopy with inductive coupling plasma ICP testing. In both cases, tension and compression, the precipitates showed the same composition as the resin. Among other elements, the presence of silicon (55.7%) and a low concentration of aluminium (2%), was observed, probably originating from the resin because no addition of these elements occurred in the liquids used for exposure of the samples. The color of the precipitate is associated with the presence of chromium (0.012%) and iron (0.86%). The presence of aluminium and silicon (37.2% and 30.6% respectively) in the exposure liquid for the compression test samples was observed, but the concentration of iron is one third in the tension sample liquid exposure; chromium was not detected.
The density of the composite material in both conditions was calculated indicating no significant variation. Fiber, voids and resin content were calculated and are represented in Table 4 .
The increase in the fiber content (Vf) and the reduction in the resin and void contents (Vr and Vv)
can be explained by the loss of resin due to seawater exposure.
The glass temperature (Tg) and the calorific capacity (Acp) of the composite material were obtained by differential scanning calorimetry (DSC) of the resin. For samples exposed to air and to seawater, Tg was equal tol25.53 and 126.65 respectively.
The strong intermolecular bond that occurred due to water absorption can explain the increase in Tg. In another thermal differential analysis, a reduction in Tg was also observed. The behavior may be correlated to the plasticization of the matrix by seawater absorption. Two mechanisms can act together, with a more pronounced effect for the increase in Tg. Table 4 Contents of the composite material. Voids content Vv(%), fiber content Vf(%) and resin content Vr(%). Figures 1 and 2 represent the fracture surfaces of longitudinal carbon/epoxy composite specimens failed in tension, exposed to air, and 3 and 4 to seawater, respectively.
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The pairs of Figures 5 and 6 and 7 and 8 represent the fracture surfaces of compressive failure of specimens exposed to air and to seawater, respectively. Figure 1 shows the fracture surface of a typical tensile failure of the epoxy resin in a resin-rich region. This happens when fibers break and produce overload tensile failure in the resin. It is also possible to observe crack propagation on the fiber and strong interfacial bond. Figure 2 shows a bundle of fractured fibers, impressions of carbon fibers in the remaining epoxy, and pieces of epoxy that have broken down but not fallen away from the bundle, indicating a strong interfacial bond. It is also possible to observe that the crack has followed the fiber, leaving clean fiber surfaces, and has also propagated through the resin matrix, which means a delamination failure. Figure 3 shows fiber fracture in a group and the typical radial topography on broken fiber ends, indicating crack propagation for each individual fiber. Bundles of fractured fibers with no preferred crack direction occur, presenting a 
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CONCLUSIONS
• The exposure of a carbon fiber/epoxy composite to seawater resulted in absorption through the matrix, detected by the difference in weight of the samples, and the reaction between resin and seawater, observed through the precipitates originated during exposure.
• An increase in the tensile strength of the composite occurred after exposure to seawater. This behavior is explained by the slight increase in toughness of the material and a stronger interface and a more ductile matrix. A reduction in the elastic modulus is coherent with plasticization of the matrix. The increase in Poisson's ratio is related to an increase in the transverse elongation due to a reduction in the stiffness of the resin.
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• The compression tests showed a decrease of 14% in the strength of the composite material exposed to seawater. The mechanism responsible is plasticization of the resin, which causes a reduction in the stiffness of the composite material.
" Precipitates were detected during seawater exposure. In addition, volumetric ratio analysis indicates loss of resin after the exposure.
• Small differences were observed in the density of samples exposed to air and to seawater. The precipitates detected can explain a reduction in the resin and voids content and an increase in the fiber contents.
• Differential scanning calorimetry (DSC) indicated that two different mechanisms act during seawater exposure: a) hydrogen links, which are cross-links and decrease the free volume; b) plasticization of the matrix, which decreases the Tg.
• Silicates were detected in the precipitates resulting from composite samples exposed to seawater. In the pink precipitate, the element chromium and iron were also present, and in the white precipitate, one third iron and no chromium were observed. Considering that there was no addition of any kind of silicate to the seawater, it may be concluded that they originated from the resin.
• Fracture surface analyses of tensile samples exposed to seawater indicate pieces of epoxy that have broken down but not fallen away from the fiber bundle showing a strong interfacial bond. In the case of tensile samples exposed to air, the low amount of epoxy remaining on the fiber indicates a weak interface. This behavior shows that water absorption acts in order to increase adhesion between fiber and matrix.
• Despite the fact that the results of the compression tests indicate effective influence of seawater exposure on mechanical properties of the composite material, in comparison to air, the fracture surface analyses did not show any significant variation between the two cases. 
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